This paper proposes a method that disaggregates whole-house electricity consumption data measured by smart meters. The smart meter data used in this study is the hourly average electricity consumption of more than 1,000 households in Kansai region. The proposed method disaggregates the data into four end-uses: base use, active use, heating use and cooling use. The cooling and heating use is separated from the other consumption by analyzing the sensitivity of electricity consumption to outdoor air temperature. In addition, the method is applied to estimating the electricity saving effects of an incentive program demonstrated for the residential customers in Kansai region.
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ΔTCool ΔTHeat 
EHeat(s,t) = b3(s,t) ΔTHeat(s)
EAll(s,t) : Total electricity use at "time (t)" in "period (s)" oo [kWh] ECool(s,t) : Cooling use at "time (t)" in "period (s)"
[kWh]
EHeat(s,t) : Heating use at "time (t)" in "period (s)"
EAct(s,t) : Active use at "time (t)" in "period (s)"
ΔTCool : Difference from boundary temperature of cooling 613, pp.71-78, 2007.3 (in Japanese)
, 3 : , , No.613, pp.71-78, 2007.3 Ihara T., et al.: City-block-scale sensitivity of electricity consumption to air temperature and air humidity in business districts of Tokyo, Japan, Energy, Vol.33, No.11, pp.1634 -1645 , 2008 In the summer of 2012, Kansai region was facing an electricity deficit due to the stoppage of nuclear power plants after the Great East Japan Earthquake. As one of the electricity saving measures for residential customers, an incentive program called "Electricity Saving Trial" was demonstrated in Kansai region. An article reported that the electricity saving effect of the participants was 8%, while the effect in the whole residential sector was 5%. It is important to clarify how the electricity saving is achieved during the incentive program, in order to certainly obtain the expected effects. This issue can be clarified if abundant data of electricity consumption for individual end-use would be available. However, it is difficult to collect sufficient numbers of data to analyze the electricity saving effects at a large scale such as Kansai region.
Therefore, this paper proposes a method that disaggregates whole-house electricity consumption data measured by smart meters, which are becoming widespread, into end-uses. The smart meter data used in this study is the hourly average electricity consumption of more than 1,000 households in Kansai region. The proposed method enables us to disaggregate the data into four end-uses: base use, active use, heating use, and cooling use. The cooling and heating use is separated from other consumption by analyzing the sensitivity of electricity consumption to outdoor air temperature.
One of the advantages of the proposed method is consideration of the secular change of the boundary temperatures of starting/finishing to use cooling/heating. Another advantage is consideration of the differences in temperature sensitivity of electricity consumption between former period and latter period of the summer/winter. Moreover, the method can compare the electricity usage among years because the impact of the weather condition on the electricity consumption can be removed by inputting a common outdoor air temperature to the regression model.
Additionally, the proposed method is applied to disaggregate the smart meter data in Kansai region and we analyze the electricity saving effect during the incentive program. The knowledge gained from this analysis is the following.
1) Except FY2013, the boundary temperature of the start of cooling use is lower than that of the end of cooling use.
This result implies that occupants used cooling more frequently in the latter period than the former period of the summer, even if the outdoor air temperature is relatively low. However, the boundary temperature of the start of cooling use rise after FY2012 comparing with FY2011. It demonstrates that occupants stop to use cooling earlier in FY2012 and FY2013 than in FY2011 (Table 3) .
2) The total base use reduces by approximately 6% in FY2012 comparing with the previous year. It suggests that the reduction includes the electricity saving effects not caused by occupant activity, such as cutting standby power of appliances.
3) In the daytime of the summer, the operating hours of cooling in FY2012 and FY2013 decrease by approximately 11% from FY2011. It indicates that the action to save electricity of shortening the operating hours of cooling is relatively easy to continue. However, the reduction ratio in the especially hot hours is 16% in FY2012 and it falls to be 9% in FY2013. These results suggest that the action to save electricity especially in hot hours, such as rising set point temperature, is difficult to continue for even the participant households (Fig. 15) . （2017 年 3 月 30 日原稿受理，2017 年 10 月 10 日採用決定）
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